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'3, ASSTRACT
In order to provide systems engineers with observations and analysis of the

amplitude-fading of radio waves traversing the high latitude ionosphere, several
different studies were performed, The concept was to develop descriptive and
statistical medels for the pattern of occurrence and amplitude of scintillations at
high 'atitudes. Then, long term observations from 2 li.nited numbher of sites could
be liikee {0 allow an 2ssessment of the scintillation problem ¢~ communication,
navigatica, and detection systems in the VHF and UHF bands, This reporc dis-
cusses these studies in three chapters, In Chapter 1, general patteras of scintil-
lation occurrence and inteasity are presented in the descriptive model of the
F-layer irregularities at h'gh latitudes, This is followed in Chapter 2 by a graph-
ical presentation of the data; that is, observations of the 136 MHz beacon of
ATS-3. Chapier 3 crganizes the observations into 2 useful format~the cumulative
amplitude probatility disiribution function—for the engineer. A means of adjusting
the observations for frequuncy dependence is provided, Cumulative amplitnde
probabilities are listed for Sagamcre Hill, Massachusetts and Narssarssuag,
Greenland as a fun..ion of season, time and K index. For Thule, Greenland
cumulative amplitude probability distributions are listed for ATS-3 at 136 MHz,
With this data and with the descriptive model, it is prnposed that the engineer
can evaluate the effect of scintiliations on systems operating in auroral and
polar regions,
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Abstract

In order to prmride systems engineers with observatinas and analysis of .the
anplitude-fading of radio waves traversing the high *“/tude ionosphere, several
different studies were performed, The concept was . ..+ v+ descriptive and
statistical models for the pattern of occurrence anc amplitude of ccintillations at
high latitudes, Then, long term observations from a limited number of sites could
be linked to allow an assessment of the scintillation problem to communication,
navigation, and detection systems in the VH¥ and UHF bands, This report dis-
cusses these studies in three chapters., In Chapter 1, general paiterns of scintil-
lation occurrence and intensity are presented in the dascriptive model of the
F-layer irregularities at high latitudes, This is followed in Chapter 2 by a graphical
nresentation of the data; that is, observations of the 136 MHz beacon of ATS-3,
Chapter 3 organizes the observations into a useful format—the cumulative ampli-
tude probability distribution function—for the engineer. A means of adjusting
tr2 obgervations for frequency dependence is provided, Cumulative amplitude
probabilities are listed for Sagamore Hill, Massachusetts and Narssarssuag,
Greenland as a function of season, time and K index. For Thule, Greenland
cumulative amplitude probability distributions are listed for ATS-3 at 136 MHz.
With this data and with the descriptive model, it is pr posed that the enginecr can
evaluate the effect of scintillations on systems operating in auroral and polar
regions,
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HIGH LATITUDE MODELS, OBSERVATIONS, AND
ANALYSIS OF IONOSPHERIC SCINTILLATIONS

1. A Descriptive Model of F-Layer
High Latitude Irregularities

Juies Aerons

Rodio Astronemy Brench

lonaspheric Physics Leberatory

Air Force Cambridge Ressurch Leboratories
Bediord, Massachusetts

Abstract

Using observations of the amplitude fluctuations »f radio signals from satellites
and radio stars as a data base, a model is sketched of tuc high latitude F-layer
irregularity region. The irregularities of concern are field aligned and small scale
(1 to 10 km). On the nightside, irreguiarity intensity increases from a low level=
at its equatorward houndary position of ~572 at 2200 loca3 time={n a higher level
within the guroral oval., A high level of irregularity intensity ex::%s over the cor-
rected geomagnetic pole. The data base for quantitative :neasir .iuents at latitudes
poleward of the auroral oval, however, is small. On<h¢ Juyside, the scintillation
boundary is in the region of 70° for quiet to moderate ma;netic conditions,

During ail hours an increase-ii: magnetic activity brings on dreper fading acrosas
the entire high latitude region, from the equatorward scintillation boundary to the
geomagnetic pole. -

Precipitation of clectrons, with energies of the crder of & few hundred eV, is
not thought to be the mechanism for the production ot small scale irregularities.

In this energy range, electron precipitalion shows a low o~currence in the polar .
cavity while scintillations remsin high in this region.

Measurements of suprathermal electrons show polar paiterns closer to the
scintillation observatioas than messurements of high energy electrons. Irregular-
ities observed in thermal-electron satellite cbservations (R. Sagalyn, privete

{Received for publication 10 January 1973)
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communication, 1973) at high latitudes—including polar areas—~show geomagnetic
occurrence patterns—together with those in polar areas—similar to thc ones shown
in this paper. In their measurements of turbulent irotropic electric fields at

400 km, Kelley and Mozer (1972) have found variations with latitude in the boundary
region, the av:oral oval and over the pole which resemble those postulated in this
model.

A

1.1 INTRODECTION

At high latitudes, smali scale (1 to 10 km) field-aligned irregularities in the
F layer have been detected by many techniques. These include bottom and topside
sounders, scintillation recordings of radio stars and satellite beacons, and in r.tu
Langmuir probes and vector electric field detectors.

The model of high-latitude irregularity morphology tc be presented stems
from a critical evaluation of published and new material on scintillations. The
sketch of the model takes its form from the detection technique empioyed. In this
case, the perspective is dictated by data available from diffraction observations of
radio signals as they traverse the ionospheric holes or enhancements.

Other vicws of the irregularity scene have emerged using different perspectives.
Spread F measurements, made by ground ionosounders, are severely limited at
high latitudes by strong absorption during proton events and during periods of
auroral absorption. In addition, spread F returns are screened by E-layer aurvral
reflections and by sporadic E. Topside soundings display only those F-layer ir-
regularities above the peak of the F layer. In commonly available observations of
both topside and bottomside soundings, only occurrence or non-occurrence of
spread F is available; quantitative values are not given.

Scintillation data is quantitative in its scaling. New anilysea (Whitney et al,
1972) have allowed frequency dependence scaling to be performed. The combina~
tion of radio star observations, low-altitude (1000 km) satellite transmissions, and
synchronous satellite sbservations had produced a mix of elevation angles, snap-
shots of the irregularity stracture, and long-term synoptic measurements which
can be assembled into a madel.

In addition to irregul.rities produced at high latitudes by proccesses related
to magnetospheric causation, other typ2d of irregularities ut both E and F layers
preduce scintillations. These include isolated F-layer patches {Slack, 1972) aad
sporadic E of the spread type (Anastassiadis et al, 1970 and Chen et al, 1272).
These can be of importance at latitudes in the region of 55° or lower, but their
occurrence pattern and the magnitude of their - fect on sigmis in the 100 MHc
range and higlier is less than the effect of magn=tospherically-associated, high-
latitude irregularities in the auroral and polar cap regions.




i In this paper, one will notice that a large percentage of the ohservations being
4 used congists of data from the observatories associated with the author. The
rationale is that the data have been analyzed in congistent quantitative terms, are
available for s atistical manipulation, and fall along a relatively narrow longitudinal
swath (51° to 71° West, except for a sinall amount of data from Alaska).

The records were reduced by the method given by Whitney et al (1969) into
15-min scintillation indices. In this system, a scintillition index of 40 represents
a +1.5 dB to -2.2 dB excursion from mean quiet level; an index c¢f 60 represents
+2 dB to -4 dB.

Figure 1. ! 15 an outline of the general form of the irregularity region during
periods o very quiet magnetic activity, Kp = 0,1, and for one disturbed magnetic

12 CORRECTED GEOMAGNETIC
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F:gure 1. 1. Diurnal Pattern of the Extent of the F- Layer .

Irregularity Region During Quiet Magretiz Conditions (Kp =0, 1)
and for Kp = 5
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index, {Kp=5) (in the text that follows, index X only is used), This paper will
describe the variations of the boundary or the irregularity region, the change of in-
tensity -~f the irregularities within the region, and the occurrence of irregularities
within ine polar cap., We have assumed that the irregularities are at F-layer heights;
ihe vork of Lizka (1964) and Frihagen {1969), as well as others, has established the
region between 250 and 500 km us the predominant height range for the irregularities
that produce scintillations.

1.2 THE LORER BOUNDARY

1.2.1 Night Ohservations
1.2.1.1 MAGNETICALLY QUIET CONDITIONS

By statistically analyzing okservations of Transit 4A scintillations at 54 MHz,
it was determined (Aarons et al, 1969) that the scintillation houndary had an oval
form, differing substantially in both latitudinal peregrinations and precise positions
from the optically derived E-layer auroral oval. The boundary falls to 57° in-
variant latitude at 2200 local time for K = 0, 1; the auroral oval has a lower
Youndary of 60° for the same magnetic conditions (Feldstein and Starkov, 1967).
The definition of the lower latitude of the irregularity region, termed the scintilla-
tion boundary, was arbitrary in one sense; that is, it was chosern as the latitude at
which the mean scintillation index at 40 MHz reached or exceeded 50 percent, It cor-
responded. however, to the latitude where the sudden onset of irregularitiec was
ooserved. In that sense, it is the boundary between the ordered F layer and the
irregularity region.

Recent papers have bos .ly verified the midnight boundary position. Cksman
and hurhinén4(197 1} found a boundary latitude of 59° for K < 3 shortly after mid-
night. Kersley etal {private communication, 1971) found a scintillation boundary
of 54° shortly before midnight for K = 0, 1. Kaiser and Preddey (1968) found some~
what lcwer transition latitudes around miduight in the southern hemisphere,

It ghould be stressed that the irregularity region's equatorward boundary is
statistical. It may move to latitudes higher than those shown in Figure 1,1 for
K = 0,1. When the K index remains consistently low over a period of days,
Aarons et al {1972) have shown that the midnight boundary may retreat to latitudes
higher than 64°, ‘

In Figure 1.2, the m=an Jcintillation index at 136 MHz is plotted as a function
of invariant latitude for the broad local time period 2200-0200, and for quiet (0, 1),
moderate {2, 3), and disturbed (4-9) conditions. The genesis of this diagram will
be outlined 8 individunl time periods and magnetic conditions are examined.

For K = 0, 1 the irregularity region starts abruptly at €0° with an index of ~8 per-
cent (which corresponds to an index of 50 at 40 MHz), The intensity of the irregularities
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Figure 1.2. Idealized Curves of the Variations iVith Latitude of
Mean Scintillation Irdex at 136 MH: as a Function of Kp. The values
are given for the local time period of 2200-0200

increases with latitude up to 66°, remaining constant until 73°, decreasing siightly
in a trough region but increasing over the polie to a value slightly below its auroral
oval level. We have used broad dashes above 80° to indicate the uncertainty in
values due to the sparcity of data jor this region.

A great deal of Jdata is available for the latitudinal region 50° to 64°. somewhat
less for the region 54° to 82°, and very little for the region 82° to the pole. Night
measurements in the lower portion of the irregularity region are plentiful, due to
the high occurrence of observatories at middle and auroral latitudes.

1.2.1.2 MAGNETICALLY DISTURBED CONDITIONS

When magnetic conditions become disturbed, two effects can be noted (see
Figure 1.2):

(1) Boundary Motion: During periods of magnetic disturbance, the boundary of
the irregularity regicn drops to lower latitudes. Aarons and Allen (1971) have
ghown that the maximum change-2 to 2, 5° /K—in the nighttime equatorward bound-
ary, as a function of K index, took place between 0200 and 0600 local time. The
nightly mean was a 1°/ K lowering of the boundary latitude,

{2) Increase in Index: Mean scintillation index increases throughout the entire
auroral and polar region during periods of magnetic disturbance, although the per-
centage of increase may vary as a function of latituce. From the evidence of scintil-
lation measurements, therc is no indication of a poiar cavity in the occurrence of
deep scintillation at any time.
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In the region between the boundary and below the quiet auroral oval, the depth
of scintillation was determined by comparisons of many measurements; these in-
cluded zenithal observations of Cassiopeia at 113 MHz (Axrons and Allen, 1966),
and a comparigon study of satellite beacon and radio star measurements (Basu et al,
1964,

1.2.2 Day Obsenations

Through a recent analysis of chservations of the 40 Miz transmissions of
BE-B taken at Narssarssuaqg, Greenland in collaboration with the Danish Metecrol-
ogical Institute, we have been able to revise the daytiine boundary; the revision is
incorporated 1 Figure 1.1. Karssarssuaq, at an invariant latitude of 69° (at
350 km) allowed the daytirne boundary to be defined for KX = 0,1 and K = 2,3. The
boundary and polar indices &t 40 Mtz are shown in Figure 1.3 for the noon r.ector.
For this time pericd, the boundary was between 71° and 76° for K = 0.1ani
68° t» 697 for K = 2,3. It was difficuit to determine the precise latitude for the
lower K indices since the mean SI ehowed a plateau for the 71° to 76° reagte.

At K = 2,3 the inuices rose decisively with latitude and a boundary can be given.
From Figure 1.1, it cun be seen that the highest equatorward latituce of the ir-
regularity region vccurs before noon; there 13 a distinct assymetry around noon.

In the local time period, 0600-1800, there is a motion of the boundary of
appruximately 0. 5°/K. The method of analysis for this data was ..milar to that
used in Aarons and Allen (1971). In the ncon sector, the aurora! oval's equatorward
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scuntillation index when magnetic idex increases.

boundary is 7¢° at Q {polar range index) = 0 and 697 for Q = 2; this is a close
approximation tv scintillation observations.

L3 THE AURORAL OVAL AND (HE POLAR CAP
1.3.1 Night Observations

In the midnight sector for Q = 0, the oval extends from 70° to 72° (Feldstein
and Starkov, 1857); for Q = 2, the oval extends from 67° to 70°. Scintillation

indices appear to maximize broadly in thege regions during periods of magnetic
quiet.

Much of the data used to construct the curves in Figure 1.2 comes from

ground measurements of the ccintillations of various synchronous satellite trans-
missions at 136 MHz. A schematic drawing of the ground station angles of eleva-
tior and intersection latitudes is shown in Figure 1.4. Subionospheric latitudes
of 54°, 58°, 60°, and 64° were probed and their data used in this paper. Thule
observations at & very low anglc of elevation (4°) could not be used quantitatively
Figure 1.5 comnares mean scintillation indices for Sagamore Hill and

Narssarasuaq for the zame days for K = 2,3, 137 to 223 points for each hour
were used,

Another series of data was available for comparison, but only for the period

November 1971 to March 1972 (inclusive). This series for Gocse Bay, Canada,

College, Alaska, and Narssarssuaq, Greenland showed that from 58° to 63°, the
change in mean scintillation index--during periods of magnetic quiet—was
approximately a factor of 2 for a 2,5° interval, The data for the three staiions
is shown in Figure 1. 6@) for K = 2,3 and Figure 1.6() for K = 0, 5,

At 66°, a comparison between guiet and moderately disturbed conaitions was

made using lower transit measurements of the scintillations of Cassiopeia A
made at Sagamore Hill with a i50' parabula. The geometry of these measure-
ment;, as well as the geometry of upper transit measurements, is shown in

Figure 1.7. For one year, June 1963 to June 1964, observations of scintiliations

of Cassiopeia A were made at 133 MHz and 228 MHz. This data allowed us
compire two sets of magnetic indices for one intersection !a‘itude, 66°. The

113 MHz data are shown in Figure t.8., Clearly, at 66° there is an increase in

Upper transit data txken at

Sagumore Hill and reported in Aarons and Allen (1966) were 2180 used in the

construction of Figure 1. 2.

In both uses of radio star dats, the ratios of scintil-

lation indices were used rather than absolute values.

An extensive series of measurements is available at 64° from Nasrasarssuaq.

This data divided into magnetic index sets of K= 0,1, K=2,3, and K = 4-9
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Figure 1.6b. Mean Scintillation Indices 7or the Same Time
Period (November 1971 to March 1972) for Three Stations
4 Situated at High latitudes. “Jbservations at low K indices (0, 1)
- B are given in this figure
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later local times) with increasing K index
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(aee Figure 1.9), The difference between the mean values of radio star a .d satel-
iite indices is believed to Le due to the fact that the radio star data was talen near
the minimum in the sunspot cycle, where tne satellite data are near maxmum,
Figure 1,2, therefore, represents sunspot maximum variations wita lati ude,

1.3.2 Noee Obscrvations
1.3.2.i MAGNETICALLY QUIET CONDITIONS (K = 0,1; K = 2, %)

To construt Figure 1.3, we freely transferred scintillation indices of various
types from three sets of high latitude observations, Since the noon boundary
begins near 70°, only sit2s somewhat below this latitude and inside the day poriion
of the oval and polar cap were useful. Data from the three sites were c..mbined,
The sites were Narssarssuaq at 59, Spitzbergen at 76°, -nd Thule at 86°, The
satellite signal for the threec obssrvational sets was the BE-B transmitting at
40 \Milz, The scale, therefore, for Figure 1.3 is mean Sl at 40 kJHz. Since
simuitaneous high latitude measurements at 40 MHz and (36 MHz signals are
available, it is difficult to develum a correction factor,

Equatorward slopes of the curves in Figure 1.3 were obtained from an analysis
of the Narssarssuaq data as well as those published by Frihagen (1871}, with the
latter being taken at Spit=bergen.

At Narssarssuaq, a limited series of measurements of the 136 MHz beacon
of the ITOS saiellite (orbiting at ~ 1000 km altitude), were reduced. A steep rise
was noted during the noon hours at subicnospheric paths north of Narssarssuaq
(711 to '.‘2°), corroborating qualitatively the more extensive BE-B measurements,

in a series of measurements at 40 MHz from the polar station, Thule, Nielsen
and Aarons (unpublished data, 1973} show a rise at all timesa of the occurrence of
deep fading as the Corrected Geomagnetic Pole is approached,

1.3.2.2 MAGNETICALLY DISTURBED CONDITIONS

During the magnetic storms, both Frihagen (1971) and Nielsen and Aarons
{1973} found increased scintillation indices, In the noon sector for K = 3,
Frihagen characterized the scintillations with an index of £, his kighest contour
for the latitudinal range 68° to 82°. At noon, comparing disturbed (K = 4-9) and
quiet conditions, Hielsen and Aarons found an increase in occurrence of deep fading
by a factor greater than 2 from 82° to 83°, but a smaller increase from 88° to 90°.

L4 ASPELT SENSITIITY

Two of the principal factors affecting the scintillatfon index for a particular
observatory are aspect sensitivity and angle of elevation, The maximum effect of
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a field~aligned irregularity takes place when the line of sight to the radio source

- and the alignment of the irregularity in the earth's magnetic field are the same
(Singleton, 137C}, The effect of aspect sensitivity is a function of the propagstion
angle and th. irregdarity characteristics (height, dimensions). Angle of 2levation
corrections are outliized by Briggs and Parkin (1963); a correction for angle of
elevation for large aztmuth angles has been inserted for satellites »rbiting at low
altitudes (1000 km), No correction, however, was introduced for aspect sensitivity
in any of the synchronous satellite data or low-altitude satellite data, Many of the
observations of the synchrono: s satellites were compared for magneti- index sets
at one site; the aspect angle ¢id not change, In other cases (Narssarssuaq obser-
vations, for example), the ar.gle was large (1249 [at 180° the ray path and the
irrcgularity are in line}] and, therefore, the amplitre is relatively unaffected,

In the cage of a site such »s Sagamore Hill and observatioas of either BE-B
or Transit 4A, the maxrer of lumping data along a line of constant latitude (at
various aspect angles) has minimized the effect; the dominant term is a latitudina}
variation,

In the case of observations of BE-B from Narssarssuaq and at all times from
Thule, aspect sensitivity could be an important factor. Since the minir:um
propagation angle occurs when the line of sight to the saiellite is along the lines of
force of the earth's field, in the case of Narssaresuaq and Thule data it is to be
expected that minimum index would occur aloug the magnetic meridian and to the
south of the station, At noon from Narssarssuaq {(Nielsen and Aarons, 1973),
maximum index occurred to the north of the observatory. At all times at Thule,
scintillation index occurrence was maximum to the rorih of Thule in the direction
of the corrected geomagnetic pole. A rorrection, however, should be iaade to
absolute values but the indices given in this paper in the polar ~ap region are:
hardly ir that category.

It might be noted that in an analysis of 4¢ MHz data frum BE-B taken in
gsouther .. polar regions, Titheridge and Stu. ' .-"68) found a high level of activity
over a region between the southern geogr. e .0ie and the geomagnetic pole,
From ¢ position almost equidistant from the geegraphic, they observed the geo-
magn ®ttic and the dip peles. A similar lumping together of the data supplied by
Mullen and Buerkle (private communication, 1971) of the scintillations of the
150 MHz transmissions from the Transit satellite is shown in Figure 1,10,

K indices were limited ¢o 0-2, Maximum scintiilation occurrence is near the
vicinity of the corrected geomagnetic pole; this is considerably higher than the
Foxe Basin maximum found by Penndor?! (1962) in his oottomside-spread F
analysis. Thus it can be seen that aspect sensitivity cannot account for the polar
maximurn near the geomagnetic pole,
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THULE
Kg (-2
TRANSIT

Figure 1,10, Occurence of
Scintillations (Arbitrary on-off
Determination) at 150 Az From
- / the Transit Satellite Observed at
GREENWITK | Thule for Kp = 0-Z, All times of
MERIDIAN day are included in this series of
observationz during the summer
/ of 1868, Data from Mullen and
50\ ; Buerkle {(private comnunication)

L3 OISCESS10N

The morphology and latitudinal variations of F-layer irregularities~as
shown by scimillation observations—set limitations to proposed mechanisms for
the origin of the irregularities,

Low energy electrens, from 1 to 1000 eV, precipitating into the ionosphere
will produce iunization at F-layer heights (Frihagen, 1569}, The polar boundary
ohserved for precipitation of electrons of a few hundred electron volts negates
the concept that these electrons are sources for production of irregularities.,

'n review ng high latitude observations of low -energy particle precipitation,

O'B ~ien (1970) found that fluxes in the polar cap (defined for his < tudy as

74" to 34% during local day and 71° to 83° during lccal night) were 10 to 1000
times less than in the soft zone, Hoffman (1970) .cund the polar cavity appearing
as a region of no measureable precipitation (with the detecwors used), Yet all
available data between 75° and the pole (Frihagen, 1571; Tither.dge and Stuart,
1968; Nielsen and Aarons, 1973} show that a high occurrence of scintillation pre-
vails throughout this region, Maier and Rao {(1970), observing suprathermal
eleciroag (> 5 eV), discuss a poleward boundary higher than the - sroral oval,

In their graphs, they show less difference between auroral oval flux und polar
fiux for supratherma! eiectrons than for the higher cnergy electrons. R. Sagalyn
{privats communication, 1973) observing thermal positive jon flex over high

latitudes, moust often failed to find a poleward boundary for tne irregularities
observed,
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Another possible nechanism is the generation of instabilities at ¥F-layer
heights by the precipitation of low energy electrons., The wave motion might then
flow molev .o¢ 1nd equator.ard., An important characteristic of scintillation, how -
~ver, is its ¢ ceal variability within spans of ‘ens to hundreds of kilometers, It
would be reasonable {0 expect waves gencrated at nigh latitudes in relatively small
east-west regions to spread om uniformly at lower latitudes over larger east-west
aveas, Scintillation chairucteristics, as shown in Basu et al (1964), show con-
siderable differences between neighboring geographical areas, In addition, it is
difficult to account for the stopping of a wave motion abruptly at the scintillation
boundary. One characteristic of scintiliation—~the decrease in irreguvlarity intensity
from the auroral oval to the boundary-~would, however, fit in with an attenuation
of a wave genercted in the auroral oval,

I'he characteristics of scinrillation in the irregularity region point to another
possible mechanism; that is, the disturbance «f field lines. In their measurements
of electric fields at 400 km, Kelley and ilorer (1972) have found variations with
fatizude in the boundary regien, the auroral oval, and the polar regions which
resembic inose recor =d in scintillation studies, Maximum signals of a turbulent
isotropic electric field were found in rogions of invariant latitude corresponding to
the average positic.: of the ovel., High intensities were alsc found in polar regions.
Day values decreased significanily over the geomagnetic p e relative to auroral
oval levels in their spring measurements, ™e. the 5.§'p)thesés, advanced by
Kelley and }lozer, is that the signnls they detect with theit experiment are due to
electrostatic oscillations estabiished independently on neighboring field lines.

This hypothesis would satisfy the observations of localized variations, as well as
the need to introduce an ex, ‘anation of the polar observations of a high accurrence
of deep fading.

Although the "tweaking” of magnetic field lines both in the closed and open
field lines appears to satisfy observational demands, it hardly explains what
produces the change in conductivity along the field lines from closed field lines
right into the tail, )

L6 X MMARY

The outlines of the inteusity variations within the irregularity region are
clear, At might during periods of magnetic quiet, scintillation index increases
several.old from the boundary to the auroral oval latitudes. Maximum index is
recorded in the auroral oval region. A shallow minimum is then encountered
with a second peak located near the corrected geomagnetic pole, Higher magnetic
indices both increase intensity levels across the entire irregularity region, and
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lower the bouad.ry between the ordered F layer and the IF layer encrusted with
small scale xx'x"egu]ahri*.ies.

The daxtime hboundary is lorated between 71° and 76° for very low K indices
(K - 0,1)and 68-5%7 for K = 2,3, Increased magnetic activity brings higher levels
of scintillations throughout the region from the boundary to the corrected geo-
magnetic pole during the day, as well as during the night,

Low encrgy electrons would precipitate at F-layer heights, The normal
absence from the polar regions (the polar eavity) of a high flux of electrons
greater than several hundred eV, however, makes it difficult to ascribe FF-layer
irregularities directly to precipitaiion of clcetrons wiathin this5 energy range,
Suprathernial electrons (> 5 ¢V; and thermal electron wrregularity patterns, how-
ever, show cccurrence simiiar to thuse of scinti}ation indices, An association~—
which 1s very close {ror: the point of view of latitude of occurrence, variation with
magnetic index, and pola ® pattern—is that of electric field turbulence, Oue of the
two possible reasons for he presence of the isotropic turbulent electric fields
put forth by Kelley and lMozer (1972} —that is, the change in conductivity along
individual field lines—~is thought reascnable from the viewpoint that scintillation
characteristics with their strongly locelized intensity variations demand localized
fietd line variations.
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2.0 IVERODUCTION

tilizing observations of ATS-3 at 136-137 Mz, 15-min scintillation indices
were sczled from chart records, The observations for the stations were taken
over varying periods of time., From the Sagamore Hill Radio Observatory where
the mean intersection latitude was ~ 34° invariant (elevation angle ~40 ), the data
encompass the period from November 1987 to March 1972 with rome gaps in the
veduced data base, Froem the Narssarssuaq Observatory of the Danish
Meteorological Institute, the records were reduced for the periud September 1963
to March 1972 {with gaps). The mean intersection lotitude was ~64° with an
elevation angle of ~18°, The Thule observations made at the AFCRL Geopole
Station, through an imersection latitude of 72° invariant and an elevation angle of
~4°, were recduced for ~ 80 days; it was felt that the wide range of variations and
the low angle of elevation limited the utility of the Thule data and therefors the
need to reduce mere data.

In the graphical (and statistical) analyses, we huve utilized seasons to con-

form appruzimately with astronomical considerations (February, alarch, and
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April for Spring, etc,)., We have subdivided magnetic index into thc three
groups: Kp = 0,1, Kp = 2,3, and Kp = 4-9, We use K throughout the studies
shown, In Appendix A, we use K index groubs to assist the systems analyst in
organizing the data for applicability to different stages of the sunspot cycle.

2.2 THE sAGAMORE HIL1L. RADIO OBSLRVATORY

The data for the Sagamore Hill intersection is that applicable to a subauroral
position,

The diurnal pattern for each of the four seascns is summarized for all of
the data radunced in Figuves 2,1(a), (b}, and (c) for the magnetic groupings
K=0,1 K-23, and K = 4-9,

For K - 0,1, the occurrence of scintillation indices is somewhat higher in
the spring than in the other seasons, with winter showing the lovest maximum to
minimum ratio. The sarme pattern takes place when the K indices are higher
(2, 3); that i, maximiun cccurrence of indices greater than 20 in the spring and
smallest divenal variation during the winter, The seasonal pattern of high spring
value< continues in Figure 2, 1{c} (K indices are 4-9 while the scintillation ir Jex
is greater than 40 in this case), Winter continues to have a relatively high post-
noon level,

Zubdividing the data into individual seasons, vear by year, the graphs of
Figures 2.2(a), (b), (c), and (d) result for K indices of 0, 1, The pattern for each
season kas some degree of consistency for each of the years shown. Similar
graphs for K = 2, 3 are shown in Figures 2,3(a) - {d). The total data bank is used
for the K sorts of Figures 2,4(a) and (b),

Using the mesa of the occurrence of SI > 20~the two highest hourly values of
scintillation index~to characterize individual seasons, Figurc %, 5 has been con-
structed for K = 0-3; the data is inadequate to deterinine the effect of changing
sunspot number, The particular period of time, 1968-1972, had several years
of almost identical sunspot number,

2.3 VARSSARSSUAQ, GREEALANG

‘The seasom. comparigon for the Narssarssuaq data is shown in Figures
2.6(a)-(d). The quiet day curves of K = 0,1 can be noted in Figure 2. 6(a).

- Summer Tea the higheéf maximum of accurrence of scirtillation indices greater
than 68 (the grameiét used in most of the curves in this section) with wirfer
shawiﬂé{ wsr_\ small change diurnally, This pattern of very high occurrence
of deep fading at night in the summer {and to a lesser extent in the spring; also
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shows up in K indices of 2,3 [Figure 2, 6{b)]. An afterncon maximum is seen in
winter with a low occurrence of nighttime scintillations, It might also be
noted that summer levels go to zero during early morninyg hours even when the
nightly occurrence 1s above 90 percent. With magnetic storm conditions, the same
diurnal variations hold, In Figure 2, 6{c) we continue to use SI > 60, while in
Figure 2, 6(d) we have plotted SI > &2, It might be noted that minimum occurrence
for the 64° latitude interseetion occurs before noon for all K indices. A post ~noon
hump can be no‘*ed at high K indices in three seasong: winter, fall, and summer.
The pattern of occurrence fei' each geason for the years with adequate reduced
data is shown in Figures 2, T{a) - (d) for K =0, 1, and Figures 2,8(a) -td} for K ~ 2, 3;
it is believed that the data were remarkably consisteat when the sorts have been
performed in the manner shown, The magnetic storm data have too high values
and are too sparse to show the pattern of seasonal behavior year by year,
Figure 2,9 utilizes the entire data bank to determine the trend of indices,
rom Figure 2, %a), it can be noted that the time of maximum occurrence of
_ SI > 60 shifts towards the latter part of the morning with increasing K index,
Figure 2, 6(b) shows the diurnal pattera using the occurrence of very high scintil-
lation index of 80 for K = 0-3, and K = 4-9,
To determine the long t2rm trends of the materiai, Figure 2,10 has been
_piotted. The mearn of the two highesi hourly values of percentage of occurrence
-of SI > 60 has been plotted (K = 0-3), Little can be said ;abom the effect of the

sun; only with the oncoming solar minimum can the effect of sclar flux be
evaluated,

2.1 THELE, GREENLAND

Problems with Thule recordings were considerable, Sii'ce the angle of
elevation was so low (~4°) and the wave propagation path zlmost always through
the aw cral ovesl (at sume height), scintillations at 136 AMHz2 were very high,
Figure 2, 11 shows Thule SI > 60 for K = 9, 1 and SI » 80 for K = 9-3. A high

percentage of ozcurrence at night can be noted for what is cffectively our highest
value of scintillation index (SI > 80},
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3.1 INTRODECTION

Various scintillation indices have been used to sescribe the depth of ampli-
tude scintillations. These indices can be summarized into four types dependent
on whether mean or rms value describes the excursions and whether amplitude
or power describes the signals, Briggs and Parkin {1963) and Bischoff and Chytil
(1969) list and discuss the indices.

At AFCRL, a standard method of measurement was adopted for ionospheric
studies (Whitney et al, 1968). The aim of the studies was to describe the mor-
phology of the irregnlarity structure, Therefore a simple method had to be
utilized to reduce the strip charts. The index adopted is defined as:

P
sx.(‘x)-—"‘;‘i;},ﬂxloo @G.1 :
max ~ min
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where P max is the third peak down from the maximum and P min is the thircd
minimum up from the lowest excursion in the given sample period. The majority
of the data that is to be described was scaled to have one index value which
characterized a 15-min interval., TLe data used is that ocbtained by ohservations
of various synchronous satellites transmitting at 136 MHz, A 15-min sample in-
terval was chosen in order to achieve stationarity or constancy of scintillation
index over the measurement period. In the latitudes just below the auroral oval,
scintillations have periods that rar.ge from about 1/sec to 1/min with a median
value of six fluctuations per minute, The same range of periods holds for the
equatorial region, with longer periods observed in the post midnight hours (Aarons
et al, 1971). Faster fluctuations are frequently observed at high latitudes, when
observing synchronous satellites at low angles of elevation through the auroral
oval, Examples of the variation in rate can be seen in the strip chart reproduc-
tions in Figure 3.1, A 15-min interval will, therefore, include many periods of
the scintillations, while a longer sample interval for the measurement of S.1. would
be subject to possible changes in scintillation index from the variability of the
propagation path,

3.2 SCINTILLATION INDEXN AND PROBABILITY DISTRIBUTIONS

The parameter scintillation index does not describe precisely the fading char-
acteristics of the signal in sufficient detail for either the engineer interested in
propagation effects, or for the physicist interested in deterr:ining scattering
mechanisms for the signal. Engineers designing satellite systems must determine
the fading margin necessary to overcome ionospheric scintillations under various
conditions~and for a particular electronic configuration, The time percentage
that the signal fades below various levels as a function of local time, latitude,
season and magnetic index is usually required for a complete evaluation of the
expected performance of the proposed systems, The physicist interested in deter-
mining the mechanism of scatter or diffraction can wrilize the amplitude probability
distribution to determine various regimes in which different scattering mechanisms
hold, In particular, the distributions will fall into ranges from the strong scatter-
ing in the Nakagima q-distribution (approximate Hoyt distribution) through the
Rayleigh distribution to the n-weakly scattered distribution (approximate Rice
distribution) (Nakagami, 1960; and Bischoff and Chytil, 1969), The model to be
shown was developed by converting statistics on scintillation indices to a cumula-
tive amplitude probability distribution function (cdf). The cdf éxpre.;;;es the
probability or percentage of time that the signal amplitude will equal or éxceed a
given amplitude,
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3.3 SCINTILL ATION INDEX GROUPS AND THEIR CDF MODELS

i The scaled values of scintillation index were placed into six groups, Within
each group, a range of scintillation indices were encompassed. The groups and
ranges of S,1, with their corresponding chanrges in signal ievel are shown in
Tabie 3. 1.

Table 3.1, Relation of Group to Scintillation Index and Fading

E 8 Groups Scintillation Index (%) P oax’P min (dB)
! 0 < 20 < 1.7
% 1 20 - 39 1.7 - 3.6
3 2 40 - 59 3.7-5.9
3 60 - 79 6.0 - 9.4
4 80 - 89 9,5 -12,7
5 >90 212.b

Figure 3. 1 shows an example of data and the corresponding distribution for

each 5,1, group, The dats for the models were taken utilizing the 150 -ft parabola
s of the Sagamore Hill Radio Observatory. With this antenna, the signals from
s ATS-3 were recorded at a signal-to-noise ratio of over 30 dB thus insuring suf-
! : ficient range to record deep negative fades, The output of the receiving system
was recorded on magnetic tape, The tape was digitized and the distributions were
made by the use of a PDP-9 computer acting as a data processor., Each of the
amplitude probability distributions thus obtained for a 15-min segment was then
sorted according to the measurement of the simplified scintillation index
Eq. (3.1). In order to make each model, many 15-min samples were analyzed
in this way. Table 3,2 lists the number of records processed to yield a cor-
responding median cdf or model distribution,

Table 3.2, Tabulation of Distribution by Groups

No. of 15-min
S.1, Group Distributions

49
45 _
70 g
50 ‘ ’
110

-
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. A total of 324 distributions was obtained with the division between the S, 1,

; -~ groups as listed. From the sample size for each S,1. group, the median distribu-

N tion was taken as the cential value and called a model distribution for that group,
Five model distributions are si..own in Figure 3,2, The sixth, group 0, was not
measured and is assumed in the model to be constant at the median {0 dB) level.
Since group 0 does include small scintillations, less than 20 percent, it is realized

N that there will be some departure from the median {0 dB) for extreme probabilities,
It was estimated, however, that this assumption was justified for engineering ap-
plications. The dotted lines, which bracket the group 5 model distribution, define

% three times the standa °d error of the mean, 2% =-Z.  where o is the standard

~
deviation and N is the number of distributions in the~gb1'oup. This confidence in-
terval is a measure of the probable extent to which a model distribution of group 5
is apt to vary with future sampiings. The limits defined by t3oM for the model
distributions of the other 8.1, groups were comparable to those shown for group 5,

| The number of samples in group 5 was deliberately made larger than the others to
increase accuracy for extreme deviations from the median level,

As will be shown later, the individual 15-min distributions closely followed the

Nagakami m-distribution and could therefore be relatad to a particular value of the
= -parameter. Since the individual distributions which comprise each S.1. group

, ~ agree closely with Nakagami distributions, the median for cach group is also a

/ Nakagami distributicn. In Figure 3.2 the curves are solid cver the range that the

i median, of the experimentally determined distributions, agreed with a theoretical

= -distribution within 0, 5 dB. Experimental accuracy was not sufficient to deter-

mine the extreme values, and the dotted lines are extended in accordance with the

’ theoretical m-distributions for values of m givea in the parenthesis.

; The model distributions shown in Figure 3.2 are used in the following manner

: to datermine a cdf which corresponis to the frequency of occurrence of the S, 1.

groups for a given period, The percent occurrence of each S,1, group is multi-

plied by its probability at each dB level, as gitven in Figure 3,2, and the values

summed to give a composite curve. Expressed mathematically:

5
cdf(dB) = z #(G) P(dB)
Group=0

) ! where {/G) is the frequency of occurrence of a group and P(dB} is the probabiiity
N or percen: of time at each dB level from Tigure 3.2, Three distributions are
g . - shown in Figure 3,3 representing the conversion of occurrence statistics for two
years of data for Hamilton, Mass, Daytime and nighttime variations are separated
|- from all hours, It is noted that a weighted combination of Nakagami distributions
‘ o produces a composite curve which cannot be represented by a Nakagami distribu~
i tion,

[ - -
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A question naturally arises concerning the validity of determining a cunrulative-
amplitude~probability -distribution function in the described manner, One method of
determining the validity and accuracy of the conversion process is to compare a
derived distribution with one thut is well known, During the period 25-30 July
1970, several periods cf large scintillations were recorded on the 136 MHz signal
from ATS-3, The use of the 150-ft antenna for receiving the signal allowed
adequate signal-to-noise ratio for measuring the deepest fades. Since the ATS-3
signal is essentially linearly polarized, a circularly polarized feed was used to
eliminate the undesirable effects of Faraday rotation, A total of 35,5 hr of scintil-
lations was recorded, digitized, and processed on a computei' to determine the
cumulative amplitude distribution shown as the solid curve ir. Figure 3.4, For the
same scintillation period, 15-min scintillation indices were scaled and the percent
occurrence of the S.I. groups were converted to a cdf using the model distributions
of Figure 3.2, The percent occurrence values were multiplied by the percent of
time for each S.1, model distribution and the values summed to give the dashed
curve on Figure 3.4, The comparison in Figure 3.4 of the derived distribution with
th2 actual distribution, shows that the distributions agree within 0.5 dB for the
abscissa range of 0.1 to greater than 99,9, It is felt that this test den.onstrates
that distribwions can be obtained from the modelling procesc with sufiicient
accuracy for engineering applications for midlatitude stations,

3.4 HIGH LATITUDE COF

Measurements in the auroral region and at the eguator show a considerable in-
crease in the occurrence of deep scintillation over that experienced at midlatitudes,
A large data hase of ‘S. I. measuremenis was available from stations in Greenland
and Peru, It wags proposed that the distribution models (Figure 3, 2} determined
from Hamilton, Mass, data could also be applied to convert S, I, measurements
from other sites to a cdf and thus determine fading margins for otlier geo-
graphical regions, To determine the validity cf the conversion technique for cther
latitudes, the following procedure was used. 1°rom the signal-strengtl: records
for each of the other sites, cumulative aistributions were msanually scaled. The
solid curve in Figure 3. 5-is the distribution for Narssarssuaq, Greenland which
was obtained by scaling 10, 25 hr of strip charts which displayed a range of
scintillations, The solid curve in Figure 3.6 ic the distribution for Huancayo,
Peru and represents 7 hr of scintillaving data. For each of the sets of data, the
occurrenze of the 15-min S.1. was found as tabulated by groups on Figures 3.5
and 3,6, The occurrence values of the S.L. groups were then converted to a dis-
tribution using the models (Figure 3. 2) from Ha..ilton data, a iC shown as dashed

o
B
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¢lrves on Figures 3,5 and 3,6, Figu.e 3,5 for the auroral region shows that the
modelling process gives a dietribution that compares with the manually obtained

- distribition within 1 dB “or the percentile range of 1 {o greater than 88, Com-
parison of the two distributions in Figure 3, 6 for the equatorial region shows a
signiiica_xit depariure for percentiles less than 1 and greater than 98, This could
be a real cffect in that a group 5 model for Peru could give greater changes in
amplitude in the extreme percentiic vanges; that is, it would be represented by a
smaller value of m than was found for Hamilton data, or it could be that the sample
size of 7-hr was not large enough for statistical comparison, It is concluded,

" . however, that the tests which have been described have shown that the models of

Figure 3 2 can be ysed to convert archive data in the form of scimtillation trdices
_to cadf's for midlatitude and auroral regio?xs with sufficient accuracy for engineer-
ing applications and over a more limited percentile range for the equatorial region.r

= - ~ 3.5 ENGINEERING USES OF SCINTILLATION INDICES

" It skould be noted that there are iwo distinct ways in which the occurrence of
the S.I. groups can be u(llized. »
{1 A c#f can be determined in the previously described manner, This would "
R ailow a fading margin to b determined to overcome this propagation effect for
= - whaiever conditions are represented by the statistival sort of the S.1. values,
B (2) Relate the depth and occurrence of {ading to the particular modulation
technic ues, For cerain modulition sysiems {very high-speed pulse code for
- ) ) vxample), if the signai fell below threshold for accepiaiic signal; only s small
- pescentage of a 15-min period, then the entire 15-min period might be useless
’ unless some foria of redandancy were used, Thereiore, i i8 importa:it to list the
percentage of time ea-h of the scintillation ranges {and therefore model "iszri*m-
tions) occurced for each set of mayretic indices, Projected occurrence of mag-
netic indices will allow the ei:gineer to forecast occurrence of system disruption.
In Table 3,3 we have listec magnetic index variations.

Table 3,3. Fercentage of Occurrence of Magnetic iadex Sets

- - k 4
S - . Year K, = 0-3 K < 4-9
_ 1850 728 - EX
_— ‘ 1951 63.5 36,5 T »
T 1952 64,2 35,8 RS
' S 1953 T 5.3 7% B
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Table 3.3 (Centd.), Percentage of Occurrance of
Magnetic Index Sets

Year K, = 0-3 K, =4-9
1054 85.6 13.4
1955 85.9 14,1
1956 74,17 25,3 -
] 1957 72.9 37,1
1958 71.6 28,4
B 1955 68,5 21,5
1960 67.3 32,7
1961 81,7 18,3 |
1962 82,2 17.8 ;
1963 82,7 17.3
1964 88,0 12.0
1965 93.3 6.7
1966 88.4 11,6
1967 86.6 13.4
1968 - 81,9 18,1
1959 87.4 12,6
1975 86.8 13,2
1971 85.4 14.6 |

3.6 THE VAKAGAME DISTRIBE TI0N

The method described in this report was developed as a means of converting
a~chive data ¢f scintillation indices to a cdf. The tests on the accuracy of the
method indicate that it is sufficient for engir~ring applications, exczpt possibly
in the extreme percentiles and for the equatorial region. An analysis of a greatzr
number of 15-min distributions of the group 5 category is necessary for equatorial
scintillations to determine if the model of Figure 3.2 will fit that area.

Bischoff and Chytil (:969) showed that an approximate measvre or scintillation
index, Eq. (3.1) and the exact measures of Briggs and Parkir (1963) were closely
related, In their analysic, Bischcif and Chytil have used Nakagami's = distribution
as 2 measure of scintillstions, The dist: ‘bution function of intensity X {(dB) is

given by:

pix) = -i-,g-l—.—?%—exp{'ﬂ (%-en"mi] 3.2)

N e n v
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where M = 20 logwe = 8.686. A plot of the cumuiative distribution is shown on
Figure 3.7, for several values of m from 1 to 40. Even though only integer values
are shown, = is continuously variable and can have any value 20,5, 1t is also
evident that the fading range is proportional to 1/m=,

k Six experimental 15-min distributions from group 5 and four distributions
from group 4 are plotted in Figure 3.8, The two solid curves are tre theoretical
distributions with = = 1 and 1,3 and the dashed curve is ~ = 4, No test of fitness
wag made, but, since m can have other closely spaced values to those shown,
visual inspection leads to the conclusion that there is good agreement between the
theoretical curves and the experimental distributions,

Experimentaily obtained distributions from S,L g.oups 3, 2, and 1 have been
found to agree with theoretical distributions having m values ranging from 6 through
100, Since the 15-min distributions agree very closely with the theoretical m
distributions aover the measurement range, extreme values can be approximated
from the theoretical curves when required. For example, a fade depth of -27 dB
is indicated for the 99, 9 percentile for the » = 1 distribution,

3.7 FREQUENCY DEPENDENCE

The frequency of a system in the desigr study phase can be a variable with the
choice at times within only a shiort range (225 Mz to 400 MHz, for example} or
between frequencies differing by an order of magnitude (135 MHz vo 1550 MHz).
With available data the tradeoffs possible can be evaluated at middle and high
1>*itides in the first case with a fair degree of certsinty,

‘The frequency dependence can be determined by relating the rvatio of the
amcunt of power in the scintillating component to the frequency ratio, Aarons et
2? (1967) determiined the frequency dependence of radio star scintillations from the

relationship:
5 f
n = log -s—-/ logg— {3.3)
2 2

where S ie the scintillation index of Eq. (3.1}, n is termed the spectral irlex of
the scintillations, This expressica i1 valid as long as S is 2 constant power law
function of frequency, A log-iog plot of S vs { will result in a straight line with a
slope equal to n. Their results show that the scintillation index is inversely
proportional to frequency squared for weak scintillations, and approaches a 1/f
dependence for high levels of scintillation, As pointed out earlier, however,
scintillation index is not a convenient syxtem design or physical parameter,

e At e - - s - = . ..
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It has been shown (Chytil, 1967) that:

]

g =V 1/ mform 20,5 ‘ (3.4)

where S is tle notation used by Briggs and Parkin (1963) to 11easure the scintilla-
tion depth as the root-mean-sauvare power deviation divided by the mean power,
and m is Nakagami's parameter, )

By substitutingy/ 1/m for S in Eq. (3,3), i can be found that:

-

-4n=log—;i—/10g?i-=nm . (3.5}

i n, can he evaluated frem simuliareous distributions for two frequencies from
the same source, then prediction of the expected distribution at a desired fre-
quency can be made as long as scintillation index and m remain a constant power
of frequency. -

The technique is illustrated in Figure 3.9 which sliows the experimentally
determined cdf's for two frequencies., By comparing the experimental distribu-
tions whk the theoretical distributions, it can be seen that these distributions
approximesely follow & ‘heoretical distribution of » = 1,5 for 137 MHz and = = 40

- for 412 MHz. Evalvation of n_ gives:

v L5 137 .
'f]- -logz"é" ,bg4i2 ’2098. (3.6’

{ From Eq. (3.5) this value of n » Would correspond to a scintillation index spectral
1a of ~1.5}, CUsinx the value of T, from Eq. (3.0) and assuming that a constant
puwer law relationshis holds over the frequency interval, a predicted distribution
with m = 9,5 would be ciiained at 254 MHz.

If strong -attering is observed, that is, 0.5 g » < 1 on the lower frequency,
a constant powc. iaw relationship may not be the case and interpolation or
extrapolation for = distribwtion at other frequencies may be untenable.

To determine the spread in eXperimentally ¢2termined values of spectral
index n_, 22 simultaneous recorde of scintillations-at 137 and 412 MHz were
processged 15 give corresponding 13-min cumulative amplitude distributions., The
values of = varied from 1.1 to 4,9 at the lower frequency and from 24 to 100 at
the higher frequency. Spectral indicea were culculated from the values of m and
frequency of accurrence iz shown in Figure 3,10, The data peaks in the range of
2,8t03,1,
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3.8 ANGLE OF ELEVATION EFFECTS

The basic formula for describing the effect of angle of elevation on scintillation
is given by Briggs and Parkin (1963):
2. 4)-1/2
noL,
4222

Saa (sec 1)1/2 ’14-

The difficulty in testing the equation is that in practical situations, the propaga-
tion path to two synchronous satellites traverses two differing invariant latitudes.
For a short period (15 January to 15 April 1968) simultaneous data from ATS-3
and Canary Bird were compared utilizing the cdf technique. Figure 3, 11(a) graphs
the results of a comparison for one satellite, Canary Bird, at approximately 11° of
elevation with that of ATS-3 at 37° of elevation, The graph in Figure 3,11(b} is
obtained by plotting the corresponding dB levels for the same percentage of time
from Figure 3.11(a) for the two satellites, The slope of the latter curve is 1.28.

"*he intersection latitude of the two paths differed somewhat, This, coupled
with the necessity of placing measurements into their proper context as to falling
within near or far field considerations (Aarons et al, 1971), does not allow us to
generalize jurther on angle of elesation effects, The observations approximate
theoretical values but are too meager to be definitive,

3.9 SUNSPOT MUMBER AND MAGNETIC INDEN OCCURRENCE

A parameter of obvious importance in geophysics is the solar flux or sunspot
number, It has been shown that years of high sunspo: number show an increase in
mean scintfllation index relative to years of low sunspot number (Lansinger and
Fremouw, 1967), A comparison of measurements for the effect of sunspot number
must, however, normalize for the occurrence of magnetic index values., Years of
high sunspot number bring a high occcurrence of magnetic siorms, Greater scintil-
lation activity may be the resul! of more magnetic storms. Aarons et al (1964)
have skown that during magnetically quiet periods (K = 0, 1, 2), increasing sunspot
number increases scint llation index but it is of lesser importance than magnetic
index,

The data bu.se on which the present statistical study rests is not long enough in
time to allow a sunspot number parameter to emerge as a variable, A separation
of the cdf*s ar a function of K groupings, however, has been made, The projected
occurrence of K indices can then be utilized to evaluate scintillations for a particular
year, In Table 3,3, we gave the occurrence of Kp from 1950 to 1971, In Figure 3,12
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we have graphed the occurrence of Kp = 0,1 and Kp 4-9, It is clear from the table
and the graph that the occurrence pattern of quiet and disturbed magnetic indices
differ significantly from the sunspot number of 10-.+. solar flux parameters,

The data base used for the observations listed in Appendix A are predominantly
from 1968, 1969, and 1970,

3.16  DIURNAL AND SEASONAL DEPENDENCE

The descriptive model of the irregularity region indicates it is possible to
characterize a geomagnetic latitude by the occurrence of scintillation index groups.
The occurrence of scintillaticns at one location is a function of:

(i) Local preopagation path intersection time (more properly corrected geo-
magnetic time),

(2) Season,

(3) Planetary or local magnetic index,

In this statistical model of fading occurrence, 've treat only three latitudes,
The first is that of the propagation path fromr S-asamore Hill through an invariant
latitude of 54° (at 350 km altitude)., The second is that of a path through a lacitude
of 64° (Narssarssuaq) and the third through 77° (Thule). The typicai angle of
elevation to ATS-3, the source uced for this data, was 40° for Sagamore Hill,
138° for Narssarssuaq, and 4° for Thule, The synchronous satellite was near its
maximum ele-ration angle for this study (the satellite was positioned near station
longitude for two of the observatories for a large portion of the neriod of dat.
taking), The data has not been normalized for angle of elevatinn effects; without
normalization it is felt that the data represents a practical situation for the three
latitudes,

in Appendix A, the percentage of occurrence of scimtillution indices are listed
for hourly groupings of local ‘ime, sezsons, and magnetic index sets, We have
also transformed thece into cumulative amplitude prebability tables,

It is hoped that the tables will be of use in evaluating the effect of scintillations
on proposed systems involving high latitude propagation paths from satellites,
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Amplitude P sbability Distribution Functions (cdf).
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Figure 3,5, Comparison of an Actual D’stribution for 10.25 hr of Data
(136 MHz) Takea at Narssarssuaq, Greenland, With the Distribution
Obtained From the Hamilton, Mass, Models for the Same Period
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Figure 3.9, The Solid Lines Are the Expertnentally Measured Distributions
for Simultaneous Rocordings of ATS-3 data, The dashed line is an estimated
distribution for 234 ilHz which was arrived at by interpolating the measure-
ments with the spectral index, n_, as folious:
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n, ©icg -, / 10372— = Z.98

Figure 3-16, Occurrence of Spectral
Index Values From a Data Base of
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Appendix A
Comulative Amplitude Probobility Disiribetions

The following data pages contain analyzed cdf's for the three sites uce2 in the
test. Seasonal patterns are shown as well as cdf's for all the data available,
Thule seasonal patterns are not given since the data base was judged inadequate,

In the cdf's, the symbol A is placed alongside vaiues where the accura.y of

the interpolation routine is doubtfal; the symbol B is placed alongside values where
the data is extrapolated and also may be doubtful.
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50 J.28 1.29 1.0 3,23 N.50 he22 s.08
1.00 2,235 81 106 222 Je43 3.20 1.37
280 1.48 «56 73 1462 239 2.28 1.02
S.00 77 «3C ohd «68 1.8% 1.39 «65
10.00 ol 16 «27 °32 &S 75 o2
20,08 «17 «36 89 18 26 36 22
38.00 88 «03 -8 «03 18 10 89
48.00 +00 X1 81 =82 + 02 «8% «03
50,00 3,00 0.38 8.00 8,08 .60 .00 8.00
$0.00 «00 «21 «81 «02 LY -85 -+ 02
70,038 -e82 «09 «36 «82 =87 -elb -e83
88.00 -89 11 & «3$ -+03 o2 -e33 -.18
90.680 - 36 «3% A -e b7 e 27 XY 1) .80 ~e33
935.00 -1 sl A =29 =78 «1.39 ~1.46 -o01
98.30 ~1.69 LZX1 ] 71 =1.68 «2e71 -2.¢8 =118
99.00 =2.58 =82 1,17 =2453 ~4ol2 =3.79 =LA
99.50 =3.80 =1.25 *3465 -3.82 ~5.76 -5.2% -2.17
99.80 -5.985 -1.83 233 =$.97 ~8.30 7?2 -2.9¢
99.90 «7.78 -2.29 =2.92 =794 ~18.21 -9.€$ =377
9995 9.7 =274 -3, ¢4 =9.92 ~12.48 A -22.01 4456




NARSSARSSUAQ ATS~3 NOV<-JAN 1968-12 LCCAL TIne
Ks0~3
CIURNAL VARIATION
90-24 10~-14 14-10 18~22 22-02 82-6% 06-10
SI PCT PCTY _ PCY PCTY PCT (1] PCY
08-19 35,83 ble74 29.15 33.29 23.€5 35.78 51.0%
20~39 29,37 31,46 28,56 32.07 30.5% 2%.30 2752
48-59 16,32 13.54 18,51 19,41 10.58 15.€3 12.8%
68-79 9.22 6. 89 11,70 8,93 12.08 10,83 5.69
89-89 3.9% 2466 $.09 3.00 5.01 5.56 1.84
98-59 §.32 3.3 T.08 330 %.36 T.63 1.30
DIURNAL VARIATION
90-24 10-14 14-48 18-22 22-82 02-06 96-10
PCY o8 X o8 } 4 os X 08  § oe x o8 X o8
«95 T.82 7.37 8.03 8 Tebd 7.6 8 S.0C 8 $.43
«10 7.6 6032 .48 638 Tet8 Tl 5.05
«20 5.9 5.22 6039 5.26 6. 82 650 428
«50 e Sh 3.36 896 he 84 S5.32 5.06 3.43
1.00 3,68 3.03 3.98 3048 432 4,96 2eb8
2.08 2065 2eE1 299 236 3.29 3.04 179
5.00 1,68 1.34 1.86 1.48 2.02 1.3 1.42
18,90 «99 «8b .14 «36 125 1.89 78
20.02 &9 o2 57 58 €3 52 «35
30.80 «25 21 «29 «28 «32 26 «18
48.00 «18 «39 32 «d1 o413 18 87
58.0¢ 0.08 .80 .08 5.80 §.00 0.80 0.08
68.80 -s18 =38 ~el2 -ell 13 ~ell 07
78.08 ~e25 -y 21 =38 ~e2$ -c33 - 25 =217
30.08 -e51 o3 - 69 -e852 LY 14 =53 ~e 36
99.08 -1.08 s 31 *1.26 «1.05% *1.39 *3.28 75
95.80 -~1,53 «1,53 «2.99 =1.70 2.0 =2.08 -1.26
$5.00 -3,08 ~2,5% =3.52 «2.73 -3,92 -3.59 -2.09
99,00 ~4.34 =3.59 =he83 =3.75 =544 «5.03 +2.82
99.56 <5.85 -F o84 =5.58 ~4e93 =T7.29 ~6.78 =376
99.88 -0.31 737 -9,86 =T.42 -9,04 =9.¢8 “5.15
99.90 -10.26 -8,931 11,14 -8,9% =12.19 1343 =6.78
99.95 12,39 A -12,33 “13.9% “10.94 =15.%04 A ~16,45 «8.46
NIRSS;RSSUIQ ATS-3 Fip=->ra 1968-72 LCCAL TINE
K2~
CIURNAL VARIATION
90=24 18-14 14-18 18-22 22-02 02-0% 06-18
b3 ¢ PCcT PCcY PCY r”y cY Y fCY
88-19 24,15 45,38 26.89 9s64 $.31 11.38 42.13
20-39 22,72 32.89 29,02 13.38 .83 18,80 32.67
40-59 14,77 13,49 17.95 15,09 12.48 16.65 138
60-79 11.70 &.57 11.146 16,72 16,91 17.03 [ XY ]
80-89 6.78 1.21 he 65 11.00 11,86 10.30 223 .
90-9% 19,89 2.08 §.36 30,08 (1791 ] 25.8% 3.10
CIURNAL YARIATION
90-24 1816 1418 18=-22 22-82 02-06 806-10
fCr 08 X ce X o8 4 o8 X b1 bl ] X Ouw
«85 7.15 8 6.35 6.13 B G067 8 613 8 T.20 8 728
19 G.04 B 533 7.5% TeS51 8 T.70 8 T.06 & 621
«28 7.68 430 €60 8.2 8 8.07 8 Te94 S.41
«38 6o 02 3.32 3.13 .38 7.58 [ 7Y 14 3.87
1.00 Se38 2.32 %18 €.26 6.58 L 734 2.9%
2.080 5,27 1.8% Jo11 $.1% Se48 hekS 2018
5.00 2.7% 1.16 1.89 372 4,88 3.22 1.3%
18.00 1.64 75 116 209 2,83 207 «082
20.00 %4 o3t 57 1.2/ 1.54% 1.66 ohs
38.00 «36 «20 29 »55 «81 «33 «21
40.08 o1& 38 .12 «27 o34 «22 «8
$9.80 0. 08 0.720 3.00 .08 s.08 3.08 0.00
60,00 =ells e 08 -e12 - 27 e 34 o2 L 1]
78.00 - 36 ~«19 -e38 bl o 84 «s56 =22
.00 - 88 ~e39 .68 ~1.38 LY 1] -1.42 ol
9%.00 -1,82 s 30 ~1.28 =2.79 =3eé1 ~2.32 =e 89
95.80 ~3.13 ~1.32 ~2.3% 451 -5.82 -3.80 =149
90.00 -5.36 ~2.18 =3.¢7 =7.43 -7.€2 -6.,09 *247
99,08 -7.3% «2.3% =513 -8.98 =9.8% -8.87 -3.48
$9.58 <~%,2% «3. 38 *§.9% “11.16 -12 §2 «30.07 T 1)
99.80 -12.36 -5. 74 %40 «35.15 A 315,03 § 13,72 -6.87
99.90 -15.08 =7.60 -15.78 3.10 8 20,58 8 -11.67 8 -8.7%
99.9% 920 B ~9,48 =1S.60 A 90,68 € 133.53 8 35,280 8 -10.7¢

37

i
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NARSSARSSUAG ATS-3 HAY=JUL 1968-72 LOCAL TIME

Ks(3
DIURNAL VARIATION
00-24 10-44 14-18 18-22 22-02 02~06 06-190

S1 PCY PCY FCT PCY PCY PCY PCT
¢ 00-19 34.56 Glhaou? 51.32 13.78 3.76 13.75 $9.50
20-39 21.22 27443 28.i6 17.92 €.€0 22.43 24,78
#0-5% 12.87 6.38 12.23 16.97 10,91 22445 8.19
60-79 10.45 89S heb9 17.29 18.5? 18,37 4.56
80-~89 6.99 34 1.71 10.80 18,23 9.€3 1.35
§0-99 13.72 48 2.09 23.25 %1493 12.98 1.62

DIURNAL VARIATION
00-24 10-14 14-18 18-22 22-02 02-06 06-1¢0

PCT 08 X (o]} X ce  § 0B X 08 X 08 % 08
o056 T7.74 B  &442 6472 GeEL 8 €.008 7.568 6,33
«40  8.00 3,59 559 7.938 Y.i1 8 7.97 5.22
20 7.29 2.90 456 7.85 8,05 8 7.30 4e29
«50 5.88 2.42 3.37 6e 71 7450 5.89 3.12

1,00 4o 79 ledh 2455 5460 6,52 4.81 2.33

2400 Jei? 1.24 1.85 453 S.41 .80 4467

5.00 2.30 32 1e1b 3.140 he02 2.50 1.0

10.00 1.34 52 «70 1.98 2.82 1.60 62

20.00 «59 27 35 9 1.59 1) «32

33.00 «25 ol4 17 51 «86 olb olbh

48,00 10 oG «07 o2 «37 «19 «05
50.00 0.00 [ 7] ] 0.00 c.00 0.80 0,00 g.00
60,00 ~e10 - 35 -«008 ~e21 =30 “e19 -+05
70.00 -e 25 .12 =e17 =53 ~e S0 ~o kb -el2

80,30 ~.60 ~e23 ~s3b ~1.06 =1.72 - 90 - 27

98,00 =147 -e51 ~e 75 -2.21 ~3.23 -1.79 =o€2

95,00 =2.60 ~e38 *1.208 «3.63 -4,38 ~2.86 ~1.11

98,08 ~4.58 1,47 «217 “5.083% ~7+49 -4ho €8 ~1.85

99,00 ~-6.33 -4439 =2+98 ~7.80 =9,45 6434 =270

99.50 ~8,28 =2.53 -4 06 *9.77 -11.78 *8.23 -3,71

99,80 ~10.98 =3.50 “5,87 ~12.66 =14.74 B ~10,05 =533
99.98 -13.73 ~4¢35 “T«70 ~13,66 B 13.40 B -13.25 ~7.05
99.95 ~10,131 B8 ~-5,61 =9.57 2311 B 319.97 6 -11.63 8 =8.87

NARSSAPSSUAQ ATS-] AU5-0CT 1968-72 LOCAL TINE
Kzd-3
CIUFNAL VARIATION

00-24 10-14 14-18 1¢-22 22-92 02-06 06-1C
£ 29 aCcT PCT FCT FCY PCY PCY PCY
00-19 36.36 5$3.58 46463 16,38 719 23.16 59.52
20-39 23,03 27.12 2€.60 16,83 15.24 27.20 2479
40-59 16.31 10.39 12,55 19.63 22485 21.€6 10.40

69-79 A1.75 457 843 10.47 22.68 11.92 3.92
88-89 6.04 1e31 J.27 11.22 12.89 S5.07 1.05
99-99 8.%1 173 2.30 17.08 13443 18.11 33

OIURNSL VARIATION
80-24 16-14 14218 18-22 22-02 92-06 06-19
PCY 08 x D08 x 08 x 08 X 68 x DB Xx 08

85 Sei6 6 64350 T7.09 7.11 8 6.70 8 T.83 8 b.68
«19 7.6 5.39 $.9% S0 B T.56 8 Te75 403
20 6.67 [T 11 489 7.56 7.72 £.€2 3.37
«50 $.20 3.26 3.76 6.29 6.90 S.bhb 2456
1.00 822 20468 2.9 5.18 %.39 he b2 2.0
208 3.19 1.80 2.15 4,19 h,238 3.38 1.52
S.%0 194 1.6 1.32 278 2.%9 2.09 «96
10.80 1.17 58 81 .78 1.,$7 1.30 o83
23.90 «56 «33 obl %0 1,06 «66 31
32.00 227 17 «29 obe? % 14 38 16
48.00 o121 o7 «88 19 28 olb 07
$3.0¢ 0.600 9.30 .00 0.008 8.00 .00 .00
68.00 -el0 L% 13 -s 07 -s19 o35 e ll -:06
79.00 s 26 =e15 -e19 “o bl =, &l -+35 =oih
8,30 =58 -s 32 ~+39 =96 1,34 - 76 -, 27
98.00 -1.29 et - 87 ~1.99 -2.21 =1.44 -e63

95.08 -2.21 “1e26 ~1.49 «3.21 =3.50 «2.38 -1,06
98,00 <=3.79 2411 =208 -5.23 «5455 “§e0% -1,.78
99.00 5,27 -2.89 *Jebkb -7.85 “Pele} -5,€0 2.3
99.53 ~=7.07 *3.92 =453 «8.9% -9, 3 =T «3.06
99.80 -=9.58 «5.60 chelt6 ~11.08 =12,32 -18.06 -4,07
99,90 ~11.08 «7.32 -3.20 «15.08 A -15,80 «12.23 485
9995 =16.99 A -9, 84 ~10.02 -3.09 B8 .20 8 «15.00 8 -~6,04
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NARSSARSSUAQ ATS-3 ALL DATA 1968-72 LOCAL TIME

Kx0~3
OIURNKL VAL TATION
00~24 10-14 14-18 18~22 22-02 82-06 06-10
SI PCT PCT PCT PCY PCT Y PCT
00-19 32.07 50.39 37634 19.57 10.60 2150 52414
20-39 24,53 30,31 28.32 21.32 16.07 23.05 27.90
40-59 15.00 11,33 15.88 17.67 15446 18.64 11.13

60~79 16.63 4.39 9.21 14401 16.53 14.39 S.43
80~89 5.81 356 J.01 8.28 11.72 T.97 1.66
90~99 11.96 2.2 5443 19.15 2925 14.48 1.76

OIURNAL VARIATION
00~2¢4 10-14 14-18 18-22 22-~02 02-06 06-10
28

PCY 08 X 08 x- o X 1] X X o8 X g8 X
«05 T.85 8 6465 7.83 7.09 8 7.00 8 7.54 B 6.51
10 7.88 5453 7.08 8.02 8 P74 8 8.04 B 540
20 2.1% e 53 5.96 7.66 8.04 B 7.38 hek2
«50 5.66 3.32 4e56 639 T4 5.99 3.28

1.00 4e59 2.351 3.62 5.28 5e54 4,90 2.50

2.00 3.56 1.82 2466 4e25 4405 3.89 1,83

5.00 2edle 1.12 1,60 2.77 341 248 1.12

10.00 1,26 70 «98 1.7 2023 1.53 «70
20.00 «58 «35 ok 82 1.43 75 3%
30,00 «28 18 o2h obl °58 «38 «17
&0.00 «11 «07 +410 «17 «2h 15 «07
$0.00 0,00 0.00 0.00 0.00 9.00 0.00 0.00
60.00 ~e10 -e 37 1009 ~edb o2k -¢15 -e06
78,30 - 27 -od? ~o2h -sh2 -s60 -e39 -e36
80.00 ~e61 “e35 -s50 -~ 88 -1.21 “e79 “e33
33,00 -1.39 - 75 =1.07 ~1.90 ~2+49 «1.69 “slh

9500 <2.42 -1.27 =182 ~3+18 -hel? =282 =1.26
98,00 ~4.27 -2.13 «3.08 «5¢34 ~6e 43 -4.76 =2.43
99.00 -~5.95 *2.33 -4,35 =725 =08e41 «6453 =2.52
99.50 =7.90 -R.98 ~5.88 =G,47 ~10.42 =8.45 =3.493
99.80 -10.52 “Se 77 «8.35 =12.24- =fhol4 ~11.19 =5.59
99,90 ~12.7 . e7,60 ~10.31 <1512 A 7,99 B -14.08 ~7.32
99,95 =13.¢3 8 9,46 <~12.40 A 6,308 52,01 8 -8.39 8 -9.13

NARSSARSSUAQ ATS-3 ALL DATA 1968~-72 LCCAL TIre
269
OIURNAL VARIATICN
00+~24% 10-14 14-18 18-22 22-02 92-06 06-10

st PCcT PCT FCY PCY FC1 PCT PCY
00-19 8445 Z0a5¢E 12.61 S.38 1.14 L1446 13,37
S0-39 11.75 23+ 7€ 17.99 9. 6% 3. 0€ .98 16,23
40-59 14436 18c9d 17454 16,82 9.19 9.63 18.31
60-79 16.00 13.47 15,083 16.3€ 15,82 16.11 15.46
80-49 12,26 9.30 11.26 12.56 14,04 14,48 10.52

90-39 37.18 15.38 2%5.24 39.17 55,86 53.41 26.11

OIURNAL VYARIATION
90-2¢ 10-14 14-48 18-22 22-82 92-06 86-410
[

PCY 08 X 08 X 08B X 0B X ce x X 08 X
05 6,560 7.398 6,328 6.308 5,528 S5.638 7.2380
o10 74658 8,118 7,80 8 T.33I B 7.41 8 T.A7T 0 7,878
020 8,13 8 TaleS 1.52 8.05 8 ToS7 8 7.598 7.9%
«50  T.34 6.15 ¢. 85 T.60 T.78 Te?6 5,09

1.00 6.38 5.3% .72 6.38 6.92 6,87 5.76

2400 5.19 & 00 (1113 $.27 5.81 $5.7% (1Y 1]

500 377 261 3.20 3.86 ked9 4.33 3.23

106.00 2.5% 1,51 2.06 2.65 J. 46 3.42 2.08
20.00 1.32 79 1.03 1.43 1.8¢ 1.8 £.83
30.00 <68 ol 53 75 1.03 9 «53
4080 28 o1$ o2 «32 «4S %3 22
50.00 9.00 8.30 .08 8.08 8.00 §.80 8.08
60,90 =e29 o i€ - 22 e 32 Py 1 =ohl -e22
78,60 .71 el e 55 79 ~1.99 “1.06 =55
00,09 <~1.46 =34 ~ie11 “1.54 -2.82 «3+96 -1.11

90,80 =2.87 -1.80 »2430 =299 3,72 «3.63 «2.32
95.00 ~=4.58 «~2.39 -3.77 ko714 -5,%6 ~5.45 -3.82
98,80 ~7.10 =5.31 “~€elS =725 -8,21 -8.10 -6ell
99.080 -9.05 =632 ~8.02 *9.20 ~10.E7 ~13.43 -840
9%.50 ~11,24 “8s72 10,01 =18.846 212,52 =12.39 A -10.10
93.80 =15.15 A =11.61 ~13.,05 ~=1%,00 =9.51 8 ~10.82 8§ -13.29
99.90 4432 B =15.12 12,23 8 8,078 45,01 0 39,78 8 -~11.42 8
99495 94.30 8 <4u73 8 32.11 3 105,61 9 200.19 © 2186.07 8 3651 0




THULE .S-3 ALL DATA 1968-70 LCCAL TIME

K=0+3
OIURNAL VARIATION
gd-24 10-14 14-18 18-22 22-02 02-06 06~10
L34 PCY PCT PCY FCY fC1 PCT PCtY
80-19 1.28 bell 1.35 0,00 g.00 «17 2.03
20-39 [Ty 1) 755 Ge40 242 «08 3.90 _ 8,52
40-59 14.61 15.59 19,49 11.77 PP 15.€8 16,23

60-79 28.92 25432 27.59 28.79 27,27 35,47 28.95
8G~89 23.4L 19.77 23.42 2he bl 24468 21455 22.14
90-99 27.10 2707 23404 32.48 364€8 23:14 20.17

DIURMAL VARIATION
0d-24 1U=14 14-18 18-22 22-02 92-06 06-~10
PCT oo g8 x 08 x DB 08 o8 x 08 X

X X Y

05 5,368 5,568 5,91 B 6.208 5,628 5.728 6.268

10 7,57 B 7.6 8 7.758 7,338 7.08 8 T7.7208 7.858

20 8.00 8 8.30 7.90 8.12 B 8.00 8 T.90 T80

50 7.07 T34 €.80 .27 Teke2 6489 6469
1.00 .97 5433 5.76 6.21 6el2 5.76 5.58
2400 4. 089 b 85 459 S.42 .32 4.70 koS54
5.,090 3.56 3.48 3437 3.77 3e.C€ 3.39 3.23
10.00 2,48 2440 2034 2466 2484 2.37 2.23
20,00 1043 1.34 1.35 1.56 1.70 1.39 1.27
30.00 81 L 76 «90 1.00 79 78
40.00 «36 «32 «33 ok oS 35 31
50,00 0.00 0.30 9.00 C.00 0.09 0.00 0.00
60,00 =437 °e33 =e35 ool ~oké ~e37 ~e32
70.00 -+ 85 e ?? ~o 80 =+ 95 «1.05 o8k 75

80,00 ~1,55 *1,45 ~1.,46 -1.70 “1.8¢ =1.50 ~1.38
90,00 <~2.82 ~2.71 ~2.65 =3.G65 =3.29 ~2.68 =252
95,80 <430 ohe26 ~4s06 ko6l “4eC2 -4 07 -3.87
98.00 <-6.52 “6e43 ~€e16 ~6.93 ~7.29 ~6¢16 ~5.89
99,00 <-8.39 -8,34 «8,01 -8.82 - Jed8 -8.00 «T.69
99,50 ~10.34 -10.31 -9,91 ~10,03 ~11.%9 «9,90 =9.56
99,80 ~13:6% =13.5k 12,63 ~16.12 A -15.14 A -12,56 ~-12.28
99,90 =10.55 0 =10.55 8 -13.82 B8 -4,19 8 3,03 8 -3.76 B -15.00 8
99.95 40.00 B 40,24 8 21,21 B 65.61 B 89.20 28 21.73 8 J.41 B

THULE ATS-3 ALL DATA 1968-70 LOCAL TIME
Kz4,9

ClURNAL VARIATION
90-26 10-14 14-18 i8-22 22-02 02-06 06~-10

$I [ PeY PCT PCY PCT PCY PCY
00-19 0400 GedO 9.00 0.00 0.00 0.00 0.00
20-39 155 26 34 1.33 0,60 0.30 ho €2 0.00
4059  7.43 1e47 3.33 7.59 12,56 6.15 435

60-79 30.40 26.47 5%5.33 3G6.38 32.8¢% 23.95 27.47
80-89 31,61 33.82 22467 32.91 29.€3 38.46 29.3%
90-99 29.02 38,29 21433 29.11 25.19 2652 39.13

CIURNAL VARIATICN
00-26 10-14 14-18 18-22 22-02 V2-06 06-10
08

T 08 X x 08 x ©9 x 03 x L8 X 08B X
05 H.3% B 5,338 5.658 4,908 5,388 S5.248B S5.77 8
10 T.39 8 7.4L B 7,70 8 7.38 8 7.7 8 7«49 0 6.96 B
W20 8,068 8,308 7.86 8.06 B 7.97 8.028 8.0008
«50 T.20 Tolel 6,83 T.28 7.0¢ 746 T8

390 6.1 6.40 $5.69 6,15 §.€5 6410 $.51

2.00 5.05 $.30 bo bl 5.86 e 87 5.0 5440

$.00 3.73 3.96 3.37 3.75 3.58 3.7 h.04

13.00 2.66 2.35 2,39 2.68 2.%4 2.66 2.92
20.800 1.59 te72 1e43 1.6 1452 159 1.7%
30.00 +93 1.0 «83 «95 «28 «G2 1.03
Lie00 o b2 o 45 «37 b3 o&0 ohl o7
50,00 G.00 0. 30 8.060 0.08 0.00 8.00 8.00
69.00 s b3 LI 1 -, 38 ool skl k2 o8
70.00 -6 -1.,06 - 87 -3.00 o33 -e97 =1.09
W00 =1.74 -3.99% «1.53 “1.77 ~1.¢5 =174 -1.93

90,00 <~3.07 3,32 «2.69 -3,18 «2.58 -3+98 «3.39
95,00 ~&.58 =, 33 ~hedb LT 39 LT -4e%59 S04
96.00 -6.80 7295 =6.04 ~6.82 =644 6?4 =745
99.00 -8.65 =9.14 =7.85 -8,68 -8.21 -8.57 ~9.36
99,50 ~10.57 ~11.19 e8,70 ~30.59 =185.21 ~10.43 -131.58
99,80 *18.89 =15.26 A =12.39 A =14¢11  ~13.05 <13.60 ~-15.00
99.9¢ -8.50 8 B4 B =14e63 8 ~8,398 ~12.35 0 ~10.84 B 7.52 B
39,95 ©3.,59 0 08,39 8 14,02 8 48,9 8 30.33 8 37.¢6 B 102,58 8




